Background and Purpose Treadmill training with partial body weight support is a new and promising therapy in gait rehabilitation of stroke patients. The study intended to investigate its efficiency compared with gait training within regular physiotherapy in nonambulatory patients with chronic hemiparesis.
Introduction
Restoration of gait is one of the goals in the rehabilitation of nonambulatory hemiparetic patients. To reach that aim, therapists apply either a traditional functional approach with strengthening and practicing of single movements or various neurofacilitation techniques, such as the Brunnstrom technique with synergistic movements, proprioceptive neuromuscular facilitation with spiral and diagonal movements, and neurodevelopmental (Bobath) therapy with reflex inhibitory movements. 1 These methods are complex and do not stress gait practice per se.
The performance of complete gait movements on a treadmill with partial body weight support as a taskoriented approach could restore the gait of nonambulatory patients faster and with less effort for the therapists. Such a treatment in nine nonambulatory paraparetic patients enabled them to walk short distances after 1 to 7 months, 2 and one study even demonstrated the induction of an almost normal electromyographic pattern during assisted gait on the treadmill in a patient with clinically complete paraplegia. 3 This, however, was functionally not effective.
For hemiparetic patients, a single case report documented improved step-length symmetry in a patient with chronic hemiparesis during treadmill training without body weight support compared with regular physiotherapy. 4 Another study showed that acute stroke patients had good treatment compliance and were able to withstand a mean treatment duration of 44.8 minutes. 5 In a multiple baseline study, nine hemiparetic patients who had required firm continuous support reached independent gait after 25 treadmill sessions with body weight support. 6 The latter study with additionally applied treadmill treatment could not distinguish between its effects and those of a comprehensive physiotherapeutic program. To assess the efficiency of the two approaches separately, the hemiparetic patients in this study received the treadmill treatment and regular physiotherapy one after another. Because the patients had chronic hemiparesis and had not regained their gait ability despite previous comprehensive physiotherapy, they were treated with the treadmill during the first phase, with physiotherapy during the second phase, and again with the treadmill during the third phase.
Subjects and Methods
This study, which was approved by the local ethical committee, was entered and completed by seven inpatients who gave informed consent (Table 1 ; 6 men, 1 woman; mean age, 60.3 years [range, 52 to 72 years]). Right hemiparesis was found in 3 and left hemiparesis in 4 patients. The etiology in all cases was ischemia in the region of the middle cerebral artery. The minimum time after stroke before study admission was 3 months, and the mean interval was 176.8 days (range, 91 to 362 days). Four had impaired limb proprioception, 4 had sensory motor neglect syndrome, and 3 had pusher syndrome, ie, they pushed the trunk to the affected side while standing and walking. 7 Two could not walk at all, 3 required firm continuous support from 1 person, and 2 required moderate continuous or intermittent support. Exclusion criteria included additional neurological and/or orthopedic deficits that impaired ambulation or heart failure classified as greater than New York Heart Association grade 2. The patients walked on a motor-driven treadmill while suspended by a modified parachute harness, which allowed free movement of the limbs. A system similar to that described previously was used. 8 The body weight was released for 30% at the beginning of the study, which was reduced as rapidly as possible to ensure full weight bearing. This was accomplished within 4 to 15 days; however, patients remained secured in the harness and were assisted by one or two therapists. The clinical criterion for the amount of body weight support was the patient's ability to carry the remaining load on the paretic leg during the single-support phase. If the weight release was too low, patients simply tended to sit in the harness, which was strictly to be avoided. Treadmill speed was raised from the initial 0.07 to 0.11 m/s to the final 0.18 to 0.22 m/s according to the patient's ability. Gait speeds during treadmill training were chosen well below assisted over-ground walking velocities to permit gait corrections and longer training sessions without interruptions. The therapist stabilized the trunk and pelvis, initiating the weight shift and pelvic rotation at the beginning. Another therapist helped to move the paretic limb and secured it during the stance phase when necessary. A correct, symmetrical gait pattern was stressed throughout the treatment. During the physiotherapy phase, patients were treated by individual physiotherapy based on the Bobath concept. 7 The predominant goal of the physiotherapists was likewise the improvement of gait performance, while the occupational therapists concentrated on competence in the activities of daily living and motor function of the upper extremity. The additional comprehensive rehabilitation program remained comparable during all three phases.
The FAC distinguished six levels of required support during gait without taking into account any aid used. The test was performed with a cane but without orthoses. Levels were defined as follows: level 0, the patient cannot walk at all or requires the help of two or more people; level 1, the patient needs continuous support from one person who helps to carry the patient's weight and helps with balance; level 2, the patient is dependent on the continuous or intermittent support of one person to help with balance or coordination; level 3, the patient needs only verbal supervision; level 4, help is required on stairs and uneven surfaces; and level 5, the patient can walk independently anywhere. The FAC test was based on a walking distance of 15 m.
The Rivermead Motor Assessment score for the leg and trunk and gross function tested motor functions in a hierarchical order with 10 maneuvers assessed within the leg and trunk section. For the gross function assessment, 13 maneuvers including sitting, transfers, walking 10 m, climbing, running, and hopping were tested. The Motricity Index quantified motor strength of the affected upper and lower limb (grade 0 to 100). The Modified Ashworth Spasticity Scale graded muscle tone from 0 to 5, with 0 for no increase in muscle tone to 5 for a rigid joint. It was applied to the ankle and wrist with the patient in a supine position. All clinical tests were applied by two independent physiotherapists who were not blinded for the treatment phases. Both were experienced Bobath therapists; one of them did not belong to the scientific staff but was a member of the physiotherapy department.
Kinesiological measurements of gait were performed twice a week. For assessment of gait speed, cadence, and stride length, the patients walked 10 m with their maximum gait velocity. One therapist was involved in the task, and she was carefully instructed not to push the patients forward but merely to prevent them from falling.
For the ordinal-scaled values, increments between consecutive measurements were computed and tested for homogeneity with the use of the nonparametric Friedman test. A nonsignificant result meant that increments were constant over training phases (ie, the profile was linear) when averaged across subjects. In contrast, a significant result meant that the average profile was nonlinear; in this case a similar analysis was performed for the increments of the previously computed increments to evaluate whether the acceleration was constant.
A MANOVA was performed for the continuous variables (velocity, cadence, stride length). If the two therapies were either ineffective or equally effective, then the corresponding trend in time should be a linear one or a second-degree polynomial, ie, a parabola. If the two therapies were different, the profile over time should have at least one point of deflection (ie, the corresponding regression curve would require a minimum of a third-degree polynomial). For all tests an -level of 5% was assumed. We used the standard software package SYSTAT. Table 2 shows the FAC levels, Rivermead Motor Assessment scores (gross function, leg/trunk), Modified Ashworth Spasticity Scale grades of the affected ankle and wrist, and Motricity Index scores of the paretic upper and lower limb of each measuring point, ie, at the beginning of the study and at the end of each week. The FAC levels only improved during the treadmill phases, with a mean of 1.14 points during the first and 1.29 points during the second A phase. Treadmill training was superior to regular physiotherapy with regard to improvement of gait ability tested by the FAC (P<.05, Fig 1 ) .
Results
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Figure 1. Line graph shows mean Functional Ambulation Category scores over time. Treadmill training applied during the A1 and A2 phases was more effective than physiotherapy applied during the B period (P<.05).
At the beginning of the study patients needed the continuous support of 2 persons or 1 person or the intermittent support of 1 person. After the study 3 patients walked independently and needed help on stairs, and 3 needed verbal supervision.
The mean Rivermead score for gross function assessment improved a mean of 0.71 points during the first A phase, 0.86 points during the B phase, and 1.14 points during the second A phase. No superiority of any treatment was found.
The mean Rivermead score for the leg and trunk section improved a mean of 1.43 points during the first A phase, 0.43 points during the B phase, and 0.86 points during the second A phase (Fig 2 ) . No therapy proved to be superior. The Ashworth scores for assessment of ankle dorsiflexion and wrist extension displayed a withinsubject variability of up to two grades from one measuring point to the next. A consistent trend could not be detected, and no treatment proved more effective than the other.
The motor strength of the upper and lower affected extremities was constant in 5 patients throughout the study and only changed slightly in the remaining 2 patients. We did not determine the superiority of any treatment. Table 3 displays the gait velocity, cadence, and stride length of individual subjects at each measuring point, ie, twice per week. Cadence and stride length increased, with a mean of 61.4% for stride frequency and 47.2% for stride length during the first A phase. In the subsequent B phase no consistent trend could be detected. In the second A phase the improvement of both variables did not reach a significant level because of large within-subject variability.
Discussion
The gait capability of all patients, as assessed by the FAC test, increased during the study. The patients could walk independently at the end of the study, with three needing help on stairs and three needing verbal supervision. Improvement of gait ability exclusively occurred during the treadmill training in both the first and second A phase. Treadmill training was therefore superior to physiotherapy with regard to restoration of gait function. Thus far, studies comparing different conventional concepts in physiotherapy were unable to detect any superiority with regard to general mobility. 10 11 12 13 14 15 Although we cannot rule out a contribution of spontaneous recovery, particularly in these relatively young patients, spontaneous recovery alone cannot account for the temporal trend actually observed, which significantly differed from a first-or second-degree polynomial (Fig 1 ) . In addition, five patients suffered from a neglect syndrome and three patients from a pusher syndrome, both of which are unfavorable conditions in a patient attempting to regain walking ability. 7 16 Gait velocity improved in parallel with gait ability, which is in accordance with the reported good correlation of these parameters. 17 This finding is even more important in view of the fact that all patients were only able to walk with assistance in the beginning of the study, while in the course of the study gait velocities were measured without external support in correspondence to their gait improvement. Cadence and stride length showed a similar pattern; the trend for improvement during the second treadmill phase was not statistically significant because of within-subject variability. The ratio of cadence to stride length remained unchanged, thus indicating that walking speed increased in a physiological manner. 18 Motor functions tested within the leg and trunk section of the Rivermead test (eg, either stepping on and off a block, tapping with the unaffected foot while standing on the affected leg, or active dorsiflexion of the affected ankle) improved markedly during the first A phase; however, improvement during the second A phase was not significantly better than during the previous physiotherapy. Physiotherapists practice the rudiments of walking in an isolated manner. It may be concluded that patients were more effectively trained in the functional context of walking on the treadmill, at least in the beginning of rehabilitation.
The items tested within the gross function section, such as sitting up, standing up, and transfer, continuously improved during the study. Physiotherapists place particular emphasis on training these abilities. It is surprising that patients also improved in this respect during treadmill training, which constituted two thirds of the entire treatment period. Muscle tone showed high within-subject variability during the study. There are many tone-modulating internal and external factors that were not under the control of the investigators.
Volitional muscle strength, tested with the patient in a supine position, did not change, which was in accordance with a previous study. 6 Therefore, motor power is either not the primary factor in gait improvement or is a question of reflex-activated muscular strength, which was not measured with that method.
There are indications for a spinal stepping generator in vertebrates. 19 One study showed that spinal kittens could be successfully trained on a treadmill to perform full weight-bearing hind limb stepping movements. 20 In primates, however, intact reticulospinal motor pathways descending in the ventral section of the spinal cord are required for stepping and walking. 21 These conditions were met in the hemiparetic patients, so that treadmill training might have stimulated the presumed spinal motor generators. In addition, intact supraspinal centers via ipsilateral descending motor pathways might have also been involved in the observed treatment effect.
Treadmill training has the advantage of being a task-oriented exercise in contrast to pure physiotherapy. Therapists trained in neurodevelopmental therapy walk with the patients in a slow and controlled manner only after a relatively long preparatory period during which tone-inhibiting maneuvers and training of balance during sitting and standing prevail. 7 It might be argued that in the comparatively short period of physiotherapy, marked effects could not have been expected because this type of treatment does not place particular emphasis on short-term efficacy with regard to independent gait and walking speed. Therefore, it cannot be ruled out that on a substantially larger time scale the Bobath approach might have finally resulted in a similar functional improvement. Treadmill training, on the other hand, is a task-oriented training that stresses the restoration of an independent gait with reasonable speed, and it must be admitted that these aspects are predominantly assessed by the FAC scale and kinesiological measurements. Nevertheless, these are not "academic" scores but measurements of important aspects in the daily life of the patients. The authors do not claim that as a consequence of the present study treadmill training can substitute for regular physiotherapy, but it may function as an adjunctive therapy to regain walking ability in a shorter period of time.
Walking as early as possible and numerous repetitions of the same basic patterns support motor learning in treadmill training. 22 The therapist can concentrate on supervising gait patterns rather than helping patients to carry their body weight. An experienced physiotherapist was responsible for training on the treadmill and applied the same principles concerning supervision and correction of gait as are applied in normal training. Therefore, an "unphysiological" gait pattern with the risks of contracture and arthrosis was not likely to occur. On the contrary, the harness provided a sense of security for the patient, thus preventing unwanted mass synergies related to the fear of falling. From a psychological point of view it is important that the patients have early walking experience so that they can walk relatively normally.
In conclusion, treadmill training was more effective with regard to restoration of gait ability and walking velocity. It offers the advantages of task-oriented training with numerous repetitions of a supervised gait pattern. Therefore, treadmill training could become an adjunctive tool to regain walking ability in a shorter time. However, based on the limited sample size thus far available, conclusions regarding rehabilitation strategies in general must be drawn with caution. In particular, further studies in patients with acute hemiparesis and systematic variation of the treatment parameters, such as treadmill speed and percentage of body weight support, are needed.
